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Problem Number One - Reliability

by

A. I. Berg

The opinion prevails, that the more complex an object is (as if a fully valid

rule) the less reliable it should be, Unfortunately, we haves quite a number of such

thinkers, supervisors of industrial enterprises, who, manufacture low quality roller

bearings, electric and gas counters, automatic machines etc., insistently spread this

opinion among the people*

The most curious thing of all, that these very same high hoaded superviaýrs are

sincerely convinced, that it is Just as they are thinking and no other way.They reason

approximately so. The guarantee of faultless operation of one detail, let us says

equals 0.9.5 (95%). But if the unit has ten such details, then according to the theory

of probability the reliability of the unit as a whole will be equal already to this

coefficient, multiplied in itself ten times, i.eO0.9510 = 0.6. And if there a hundred

details and if a thousand

I suggest to all those, who developed a mathematical sense, to calcUlate, at

what number of details in our cxample the reliability amounts to 1%. 7his will mean

that in such a case only one person of a hundred has chances of buying, let us assume,

a reliable electric counter. Ninetynine persons will curse Otechnology and its

'creators' because the purchased counters will practically not operate*

And all because of the complication of the details' because of the desire of Lab-

proving the detail

Fortunately, the case is generally differnt. Otherwise we would have noin parti-

cular, the remarkable successes in mastering outer space. But any one laborer of induatr,

should constantly think about the mentioned danger. It is the prehent Damccles sword
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over modern technical progresu. If it would be so, as other induetrial leaders are

thinking, thenT la would have reason to dream (visualite)* ,about a stone ax. Its

reliability would be a value close to 100%, A primdtiv. person has not been eoncernek

with the period of garant.ee

if we do not clearly understand the entire extend of danger, the technique of

tcmorrov mny became obstructed. Progress may reach a OnituralO bo-,dary Lind stop

there*
Qaality should be Expressed by Cpantity

5.;a-Ly directives call for an iaprovetent in ;roduction quality. 'hore are also in-

structions about ;lanned introduction of new tec.nique. But lacking are legittimte,

general indices for numeri4al evaluatLh of quality,

The developnent of science goes from qualitative evaluations to accurateauthe.

matical,quantitative determinctionz. At present time it is absolutely insufficitet

to speak about the fact, that production quality is being increased, better etc.

because this is just idle talk. In art and in literature, in music and estetics can

be usea terms Ograter', "smallerg, *higher','lowe:r ' more beautiful%,•more canplete ,

'brighter', Olighter', 'louder', 0more interesting* etc& In science and technology

this is absolutely prohibited. We wou llike to outdistanc4 erica not cnly Generally,

but to outdistance it with perfectly concrete quantitative characteristics. Amc¢n the

* nunber of these characteristics should fiaure also the production quality characteristic.

Who can think of a greater number of there or any other objectswhen each one of those

objects i& of lcw quality ?

That is why it is ,ecessary to agree on establishing legitimate quantitative eva-

luations of the quality of ready made goods.

What indices can there be ? Unfortunatelynothing is clear in this problem. This

problem has nover been under consideraticn. This problem is also being weighed in

foreig literature, however, evidently, there is no aj:reement there either.

What qualitative characteristics are being discussed I
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They differ in many branches of our industrys service life, accuracy, wear resis.

tance, beat resistance, anticorrosion property etc. Reliability- zrobobility of retain-

ing the enamrated qualitative characteristics for a certain period of time. It is a

generalized statisticaloqualitative index, which gives a ready evaluation cf many

qualities of items.

The first objective Indication of quality of goods can be the coefficient of re-

liability - nuvber, smiller than one, expressing the probability of proper operation

of the object for a given period of time under given conditions, We shall call it

coefficient X19

We will assume that we have to execute 3 job in 100 kw/hr. Mi job should be

completed within 20 hrs. It is evident, that if an absglutely reliable 5 kw capacity

machine would be used, it will complete this job within 20 hrs. But let us assm

that the reliability coefficient of the available .5 kw machines is less than unity

end equalling for exmpblsOe.5. Then one such machine, will probably, work correctly

for only 10 Cours of the 20 and will carry out within 20 bra the useful op.-

ration in .5n kw-hr. Then one such machine will be capable of executing the required

operation not within 20 but within 40 hra, or it is necessary to use two such machines,

which carry out the work in 100 kw-hr %ithin 20 brag

Since the consumption of enerzy is connected with monetary expenditure, then the

operation of nonreliable machines requires greater expenditures* It is clear from

this simple example what the operation of unreliable machines can afford to do away witri,

(and actually does away with)e

Bkb to evaluate the quality of an item with one reliability coefficient is in-

possible. * will assunm, that the orderer knows for certain, that at present time

the level of development of technolog is such that the machine I object of definite

type is capable of meeting certain definite requirements, The indices characterizing

the objectscan be entirely different depending upon what we are speaking about.
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It can be the price, or power for given price, or weightgor service lifegor the abeVR

discussed reliability coefficient

Illustrations Sae high-minded construe- Illustrations Power of three machines is
torn would prefer making machines in the identical,wby then does one of them give
spirit of a stone at sheavy jbut reliable, as much production as the two remaining

ones ?eecause of a pair of machinesthe
These indices characterize objectively reliability of which is 50%, one is always

in repair.
the level of develomnent of the given branch

of technoloa'.

It is possible and, unfortunately, highly probable, that the user, if he is not

mnterially interested in the sale and manufacture of absolutely high quality products,

corresponding to the present day level of development of technolog, if he wants to

* work with a certain coefficient of reinsurance, finally if he is totally conscientimz

and honest, he will refuse to fulfill the requirements placed by the orderer and will

agree to fill the order only with certain reduced qalitieso

What is obtained then? By confering an agreement is reacheA, and the order is

accepted not in conformity with the basic requirements of the ordererbut with redwceS

qualities@ We will call the ratio of adopted characteristics to the possible coef-

ficient of conformity. We de*i3pte it by 12, It is apparent,that K2 is also sillez



than ome. This index may characterize, if convenient, also the probabilityof fixine

the order for the given item with indieescorresponding to modern teehnicsl possibil-

St ieSe

It is further possible to repeat all deliberations,pertaining to the reliability

coefficient, The result will be the same. Settle for a coaprowise when hLýndling out

the order will be the orderer, and the comprormise will then be greater when the X2

coefficient is lower*

The mentioned indices K1 and K2 characterize the operational reliability of the

objectohaving lower than possible characteristicsa

But this is still not all. It is known, that any object can work properly for
0

a given period of time but only under conditiofls,that it will be periodically repaired.

We will not detail the problem so on what periodic repair is requiredeWe are

only intereste4 in the fact, that in the tine of its lifegieeeto total wear and

thrown into scrap, the object 3hould be idling for a definite period of time, It means

that we should introduce still another coefficient X3 ,which we will call the coeffi-

cient of utilization (at times it is also called the coefficient of reediness).

It is apparent, that K3 does not coincide with the reliability coefficient 1i.

For example, the electroniA, ccmpater can function with a reliability coefficient

Ki = 0.98 and with the utilization coefficient C3  0.8.

The object can either be in operation or in repsir,or Orelax'.But as long as

it works it does so with a reliability coefficient K1 *The selection of K1 and K3 in-

dices depends upon many causes. There are cases that it is necessary to have an in-

strument working with very great reliabilitybut for a short period of time. It nay

be that high reliability in needed for a very long period of time. But at times there

is nu need that the reliability coefficient should be very high; the iw~portant thing

is obly, that the object should serve for a possibly long period of tin of its entire

service ifse.

The utilization coefficient characterizes also, as said before, to a certain
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extent the probability of the Item's readiness to work at each =cment of ti1e

::ow we are ready to introduce a certain objective quantitative index of product

quality. It equals the product of the three above menticn charactoristicogor coef-

ficients. We will call i' quality coefficient or coefficient of item's effectivenesse

K aK 1&%2J3

It is evidentthat the closer the effectiveness coefficient of the item is to or*

.e more will it satisfy its designation.

*Theory of Irrar

Speaking to the point, the tendency of assuring reliability in human bloodeBut

this noble effort played. a decisive role for our far off predecessors.

The fact istwhy in the process of eTolution in the development of the living world

man has outlived and surmounted everything ?'ecause, he cormitted less errorethan

his rivals* Those who erred perished in the merciless struggle for existence. They

perished either because they themselves cosnitted errorasor because of the errors of

nature which took away from them the properties and signswhich were neceýssary for

the purpose of surviving in a difficult situationocreated by the outer "aedium and

human society. Survived have the best adapted, who coetitted lesser errors, acting

with greater purpose and more reliably*

By what is characteristic the entire activity of =n, adapting himsolf to the

conditions of the medium surrounding him and to thi conditionswho has survived in

the struggle for emistence? We observedphe made gsassing movementsgccllected infor.

mation about attained resultsguessing he took in his hands a stonegstick or other

cbject and unexpectedly for himself he discovered and mereoized, that these objects

may be useful, iLe. he generalized his randon acquired experience. And so man began

thinking systemat.ically. a His friends or eneazneawho either did not make these random

movementsor accidcntally did not think analyticallyperished, and he surviveds

and others survived~who pulled out the lucky lotery ticket. If these vals.-
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able properties have been transmitted to genorations following,thoa they too survivec

in the Procsss of natural choiese

Ssme people acciientally (since they still did not have a definite purpose) dia.

Se4rd the advisability (usefulncss) of the structure of their haoAis %n4 understood

the desirability of reproducing their movements in simple mechaza.ms. The more cu-

rious ones discovered, that there are forces of nature, which c~ia be helpful cr dis.

ruptive. For example, water must be drunk to quench thirst, but it can also move a

water wheel.

Illustrations No imitations but natural Vings led our predecessor

to the development of an oven, boat, clothing.

It is assumed that the Earth exists 3-4 billion years, that lif3 in most prim-

itive form was originated about 1.5 - 2 billion years ago, that human-like monkey.

developed about a million years ago, and man in its present day form exists for about

50-70 thousand years, that approximately 40 thousand years ago he discovered that

water and air can be utilized for the driving of his simple machinee TBut this does

not moanthat he had then already his first water driven flor mill. ?is took mnny

a thousaM of years. It is known that 5 thousand yeses ago he was capable at doin it

althougb in a very primitive way*

Min began using fire about 20-30 thousand years agobut he used it in role of

a source for heating water and to obtain steam (the existence of which he has not
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aviwousl.y murised) only several hundred years agoe

The entire history of non's evolution - a continuous imitaticn of nature, contiA.

ucoua onversicu (transformation) of the random into necessarye Se•ring the randonm

which was found to be useful for preservation of the species, and transmission of same

in soms way or another, to future generations* That is how the humar brain wes being

A-veloped, this genial creation of nature, material basis of reason, sense and memory.

To have a head and brain of larger volume man could not allow himselfebecause

'~e would have perished from the nonconformity between the dimension of the head and

the necessity of saving himself from danger together with his head with the aid of

legs and arms. In this volume has gradually developed a system of ultraminieturelight

and very reliably working nerve cells - neurons. They were found to be in the head

in greet numbers - about 10-35 billion*

But this brain served mnia good and bade

In it were barn good and poor ideas. le createk

. the tools of labor, mechanisms and ma-

chines to satisfy 4ersal requirements,

he also created the tools of var.

Regardless of the position-noral* social

phylosophical- by .which we can evaluate or

criticize the arrangement and function of Illustrations Creating clectronic computers
constructors have Involuntarily obtained

the brain,today it appears to us a total- a general similarity of the brain.It is
possible that it is necess~ry to search in

ly unattainable ideal il y of its char, the brain for examples for components at

these machines ?
acteristics. One of the first onaes-it

ability tc function reliabiy with greater reserveswith i loss of energyoutili-

zing for this fantastically smll overall dimensions and weight* Our dreams about

superminiature details and objects appears to be far away from itvhIch has been

attained by nature during a stretch of millio+ yearsin the process of natural

choice and struggle far exiatenceo
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The brain has no concentrated mechanical tasacs and springs, imlividual capaci-

tors, inductances and resistance, there is no vacuum. It consists of complex r"ganle

albunina substances, forming nerve tissues. It requires twenty times more ca~gne

than the tissues of smeleo (per unit of weight); the basic source of energ for the

brain tissue appear to be carbohydrates, particularly glucose, which it utilizes two time

moreothan wAscles. Tbn billion neurons diffuse s, power of about 10 v, i.ee.l0" V

per one neuron. In the cortex of the greater hemispheres of the brain - in humans

it has a thickness of 2-. mm-where the entire nervous activity.of man is centered*

(the entire higher nervous activity of man). The basic processes characterizing sam

- processes of excitation and inhibition. All these processes are connected with the

existence of biocurrents in the brain, which can be detected,boostednd analyzed.

Although our data about the structure, composition and functions of the brain are

at present time still far from ccaplete and in many instanues appear to be guesses,

the fact of what we know forces us to be surprised by the expediency of its arrangement.

And yet such a brain functions slowly and this does not accomodate us. It- has

an insufficient memoy volume and the unpleasant ability of forgetting what is neeessaryo.

It fatigues and stands no overloads, overwork and food deficiency. It does absolutely

not endure vibrations and impscts,damages by dreadful pathological changes which can

cause great losses to its owner and the surroundings.

That is why man decided to correct some of his deficienciese Simple functions

of the brain have been transplanted to electronic ccmnputers 1 the basic advantap at

which - rapidity of action. But they are basically inferior to the brain slce theq

work unreliablyrequiring continuous and repeated checking of the operations@

and this results in greater loss in time and considerable reduetion in rate at ae.

atrion

Creating electronic machinesman is learning from natur% Just as he learned

from it to create equipment and tools of physical labor. But the brain it infinitely
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mre complex than arms and legs, and its modeling is at the very early stages*

Problems of 'Hle Electronics a

Unwillingly the idea comes ups could we not borrow from the brain its structure?

Since all processes taking place in tha brain,-are electrical processes aeccompaing

or cobined with chemical and mechanicalis it not possible in technoloy to utilize

elements of the syatexehaving, like brain cells, a simultaneous capacitance,inductance

and resistance and varying these parameters in conformity with need!

And is it possible to do away generally with individual elements? It is possible,

that it is permissible to use monolithic blocks of materialseach one of which will

execute a definite function of a unit of a radio electronic apparatus? It appears,

that such a field of electronics has already acquired a certain initial development*

It is called OMolecular Electronics 0 or .MolelectronicsO. It has the task of creating

such a molecular structure of the substaace, which would assure the properties,neS.-

ssary for controlling a stream of chargea particles for the purpose of attaining

the necessary results*

Ultra. pure crystals of semiconductors (1 atom of admixture per 10 billion atoms

of matter) can be processed so that they will contain small amounts of necefsary

chen.tcal admixtures and structural anomalies. The electric capacitanccs.inductances,

resistances are replaced. here by concepts of electronic spins, energy fields and

electric interchanges. All these ideasalthough well known to engineers,are unaccue-

tomed to them.

Research in this direction is already underway. It is known that the Westinghouse

Co. is germinating ligeous germanium crystals - thin hcmoceneous strips instead of

round bars. Functional units of the apparatus have been created in form of monolithic

Cermanium blocks - light telemetering amplifier with a volume of 0.015 cm3 using only

one element instead of fourteen in an crdinary transistor amplifiep; created was a

generator with a rulse repetition frequency of from 10 to 100 kc end ulse duration

of up to 1 microsea. In this is alt ' busily engeaed another Americal comp,croating
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so called moanolithio acheows by depoeition ;icVIinzg end diffusion; created were

a diode, transistor, resistance and oapacitaace frca one piece of silicon, By such

methods have already been produced riltivibratcr and heterodyne with phas'e liaplace-

Monte

The experimental miltivibrator occupies a volume uf 0.016 crO nnd weighs 0.02 E.

An improbably high density of arranging details - cf the £tnitude of 1200 pieces per

1 =m3 has been attained. I will say for ccmparison, that in a ccnventicnal ,pparatus

this denbity is thousands of times --rAler. All thcse investi aticas are still in

initial stage but they do deserve the moot diligent attenticn because their jairpose

is to increase the reliability, reduce losses duo to diffusion and to increase the

number of functional units per unit of volumee

I cannot discu•s other investigations and ideas in the field of micr-dniatu-

rization, but it is well known, that they are carried onM a .broad front in mmW

countries and may open a new era in radioeloctronicse

Thare can be no doubt that theze investigations and ideas are already begiL'itin

to penetrate into practice and they deserve most diligent attention* But I an convinc.

that they cannot be carried out by the homemade methodgroups,consistine of several

ral fanatics &nd enthusiasts. This is the not commenced martin of the work, a rich

field for the application of forces and talentse Together with the existing group

should also be trained others, which Last be solidly provided with most qualified

cadres of chemists, aetallurgists, cryatallogre;hers, physicists., radio experts and

technologists. Particularly favorable conditionz for their working must be provided

aod the most diligen ttention must be paid to Ito

A Friend is Appreciated in Need

W4e woulAlike to discuss here still another highly ijportant problm - reUebil•jy

of man's work. More precise, the reliability of combined work of man and achime

This problem originates in connection with the fact that there is a baseless idea

of replacing man with autzat in the age of autcaatione

FTD-T'-63-40/l 11



The fact is that only partial substitution does take place7  but -uch more important

is the fact, that under new conditions the man workine on automated systems ir ccnfrontea

by new requirementse

If in times past, when ;hysical labor was replaced by the worh of machines, originated

a probltm of combined operation of man and muchineý theni now comes up the problem of

ibined operation of man and automat. This problem is not sufficiently bothering

'-bor physiologsts and psychologists. It is possible that under new conditions they

! >rget about the limited psychic possibilities of manaworking in a complex syste,

f urmed by machines, mechaniasms, autmants and living people* Wn is capable with the

aid of his organs of sense and brain to perceive, store and transform a ljrtted .amount

of information per unit of time. If this boundary is exceeded, man can no longer orient

himself in a situation too difficult for hime

Insufficient learning the psychic possibilities of man becomes particularly dan-

gerous, when in the automated system occurs a certain misunderstanding, And such un-

pleasant things do sonetimes how up, because in a cenplex system the conbination of

cperating devices will sometimes suffer a break down, and this will cause a chain re-

action of misunderstandings. In such a difficult situation man should orient himself

rapidly, he should take part in the control and restore normal operation of the system.

Unfortunately automation is often figured

only for *normal I operation and for proper

action of all links and stops by itself when

sufferir.,g damage,ioegit happens namely then

when it is expected to bring maxixaau use.

IDring the stoppage of autostic installation

are possible losses, by many times exceeding

Illustrations the time will come when re the advantages from its proper operation
pair of automata will became so difficult
that man will not be able to work in it. within a long period of time, U1oone eeBm
The tasks will have to be carried out by
themselves.



to think about and it Is not taken into consideratiom when planning ae automatic sys-

That is whby it is necessary to figure rellable operation of sman-eutowto system

not only when the achivements develop normallyebut mainly for the case, when man has

to say fastwhat measures should be taken in cane of operational failures of the auto-

mated process. This field of ccombiued operation of labor psychology specialists and

automation specialists. The investigations in this direction should be developed rap.

idly,otherwise we will not be able to prevent many misunderstandings whiche will

ori~inate, no doubt, if they will appear to be unexpectedo

All the things said here pertain to the field of reliability of win working un-

der difficult conditions. Unfortui-ately this problem does not attract due attentiome

in any event, in msiny br&anches of industry and transpcctation. It is enough to mentio%

that at present time in our country are engaged 100 thousand switchmwn, tens of thousands

of telephone operators at city and intercity stations. And how many are working CA

ccmplex operations of qualified specialists: in cities and in villages are working

hundreds of thousands of doctors, diagnosticians. But nobody systematizes the nume.

rical quality indications of their warkpWrticularly reliability qualities of thein

work under simple and difficult conditions. Technical progress frees man from heavy

physical labor and places much stricter requirements to fatiguing labor, to relAbility

of action of man under new conditions.

In solving the problem of reliability there is a multitude of difficult theoretic.a

strictly scientific problems. Their solution lies in the hands of outstanding mtb.-

maticians on4. Included here are, eagoproblem of constructing a coplex systnawhv.

ing much higher reliability, than its component elements, this in a problem of creting

a reliable system of lees reliable elements. On this problem are working for now

years cur mathematicians and cnginser5 as well as outstanding scientists of the Vest

This also takes in the problem of reliable cohtrol over a complex system of industrial

relations* This includes the problem of creating ansloaese models and rulesodescrI,.
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ing in a somewhat abbreviated form a cocmlex systeuewhich met be reliably control-

led.
These problems should be solved by Institutions of the Academy of Sciences U-SM,

academies of sciences of allied republics* high educational institutions and leading

industrial institutions*

In this way, I declare the necessity of chanGing over from general qualitative

.luation of new technique to accurate qualitative indiaes.wLich should be founded

.nd legalized. These indices should figure in plans fc'r the development of new techno-

.og. Among these a leading place should be taken up by the reliability index of itemse

It is necessary to raise the responsibility for the manufacture of nonqualitative

products, and particularly unreliable itemse

It is necessary to assure combined operation of constructors, technologists and

psychologists to assure normal performance of "man-automat * sytem not only during

proper (correct) state of the systcmzbut especially in case of functional failures

One of the points of the resolution of the 1uly session of the central conmittee

of the ccxmitnist party USS reads& The session of the central conmittee of the comma-

nist party and the soviet of ministers of allied repuhlics calls upon the parties,

sovnarkhozes (ccopa) and departments to raistthe responsibility of plant supervisors,

construction bureaus, scientific-research and planning organizations, upon all engi-

neers-technical workers to raise the quality level of projects, construction of me-

chines and equipment, technological proceSsesto improve the quality of manufactured

products and acpand its assortment, to raise industrial culture. It is necessary to

carry on a decisive battle for the honor of irdustrial trade mark, aesinst any kd

of deviations from the technological conditions and violation of technical conditionoD,

These words inspire all people of labor and our famous youth in -first placeeThe

struggle to increase the quality and reliability of goods-a struggle for a better

future of our e"tire country, for its technical proLresa.Young people 3hould be in

first linos also on this frcnte
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